(full membership) in a fuzzy membership function. Multi-objective fuzzy synthetic evaluation has been widely used to deal with decision-making problems involving multiple criteria evaluation or the selection of alternatives [32, 33] . Evaluation methods that use fuzzy logic include many different areas of study. For example, environmental suitability assessment [34] , urban air quality [35] , methane generation rate constants in sanitary landfills [36] , mine water inrush sources [37] and the environment lodging stress for maize planting based on the daily data for weather and soil [38] can be evaluated by fuzzy logic.
We are not aware of earlier attempts that have applied the use of the fuzzy logic concept for measuring the provision of agri-environmental public goods. When analyzing several parameters numerically that describe various agri-environmental aspects, their data can be condensed into a single value that describes the overall combined level of provision, i.e., into one relative measurement index.
Our study aims (1) to measure whether the provision levels of agri-environmental public goods vary from region to region and (2) to observe how various agri-environmental indicators of different weightings affect public goods and externalities. We suggest that such data provide possible empirical evidence for the future discussion on whether regionally or locally targeted agri-environmental schemes could be useful as a replacement for the current uniformly applied area-based scheme.
This paper is structured as follows: Section 2 details the reasons for choosing the seven crucial indicators. It aggregates these indicators into a relative index and introduces the evaluation method used in this study. In Section 3, the results are presented. These are followed by a discussion and concluding remarks in Section 4.
Materials and Methods

Seven Crucial Indicators Selected and Aggregated for the Synthetic Evaluation of the Agricultural Environment
The main environmental public goods associated with agriculture include improvements in the following: water quality, climate stability, air quality, farmland biodiversity, soil functionality and agricultural landscape; as indicated in the studies by Cooper et al. [1] , Baldock et al. [9] , Keenleyside et al. [39] and Hart et al. [40] . Water quality is heavily influenced by the runoff of nitrogen and phosphorous. The main sources of nitrogen and phosphorus are inorganic fertilizers, organic manures and slurries, livestock feed and silage effluent [9] . In recent years, the agricultural nutrient surplus balances in the EU have declined because of the decrease in the use of fertilizers, herbicides and pesticides (European Commission, Eurostat). In Finland, both the nitrogen balance and the phosphorus balance have declined over the whole of the 2000-2009 periods (Appendix Tables A1 and A2) .
Greenhouse gases, including nitrous oxide , methane and carbon dioxide, are emitted through the use of inorganic fertilizers and manures, the use of powered machinery and directly from livestock rearing. Grönroos et al. [27] examined the ammonia (NH 3 ) emission inventory by calculating NH 3 kg output per head (or animal place or pelt) per year and found that livestock, such as cattle, pigs, sheep, goats and horses, are the main animal sources of NH 3 emissions.
Cooper et al. [1] indicated that farming systems that were most associated with the provision of public goods include the extensive livestock and mixed system, traditional permanent crop farming and the organic farming system. Those authors used an expert-led assessment of beneficial farming systems and practices to come to their conclusions. Permanent grassland, permanent crops and organic farming not only played an important part in promoting biodiversity interest and soil function, they also contributed to cultural landscapes.
The EU launched the Indicator Reporting on the Integration of Environmental Concerns into Agriculture Policy Operation project (IRENA) that ran from 2002 to 2005. The operation indicators of IRENA agri-environmental indicators included the following: agricultural areas under the Natura 2000 networking program, areas under organic farming, input uses of fertilizer and pesticides, areas of modified land use, such as fallow areas, permanent grassland areas and permanent crop areas, and the measurement of environmental pressure indicators, such as nutrient loading, ammonia emissions, greenhouse gas emissions and biodiversity loss.
We structured and aggregated agri-environmental indicators into their relationship framework ( Figure 1 ) based on what was stated above in order to clarify how multiple indicators synthetically evaluate agri-environmental public goods provision. The implementation of some agricultural practices, such as low or zero tillage, the retention of crop residues in fields, buffer strips and zones, winter green cover in fields and appropriate manure management can contribute markedly and beneficially to the agri-environment outcomes. However, complete databases that are related to all those practices are not available at present, which makes it difficult to use them as measuring indicators in the present study. The total amounts of pesticides and herbicides used in Finland were very low, compared to their usage rates in some other European countries, which was mainly due to climatic conditions in Finland. It is also hard to calculate actual usage rates of pesticides and herbicides, because their types are so diverse and the quantities of spray applications for each type vary. The numbers of sheep, goats and horses in Finland were very small compared to those of cattle and pigs (Information Center of the Ministry of Agriculture and Forestry, Helsinki, Finland (TIKE), statistical data during 1990-2010), so these animals could be largely ignored from the ammonia emissions standpoint. Similarly, the permanent crop indicator was not included, because the size of its aggregated area was relatively small (TIKE statistical data during 1990-2010).
Given all the above-mentioned factors, our study used the following seven representative indicators, nitrogen balances, phosphorus balances, permanent grassland proportion, fallow land proportion, cattle density, pig density and organic farming area proportion, to measure the provision levels of agri-environmental public goods. Other possible indicators could have been considered through rough calculations in the future: these include inter alia buffer zone areas, winter green cover areas in fields.
Statistical Data
The statistical data for nitrogen and phosphorus balances (kg/ha), the densities of cattle and pigs, proportions of permanent grassland and fallow area and organic farming areas in 15 regions of Finland during the 2000-2009 inclusive period were studied. Data were made available from the Information Centre of Ministry of Agriculture and Forestry (TIKE), Agricultural Statistics (Matilda), Statistics Finland, Finnish Food Safety Authority (Evira) and the MYTVAS3 report [11] .
The 15 regions of Finland are named Uusimaa, Southwest Finland, Satakunta, Häme, Pirkanmaa, Southeastern Finland, South-Savo, North-Savo, North Karelia, Central Finland, South Ostrobothnia, Ostrobothnia, North Ostrobothnia, Kainuu and Lapland (Figure 2 ). The autonomous Finnish region, Aland, was excluded, because of the lack of data consistency. Regional division is based on the Employment and Economic Development Centers (TE centers) in Finland [41] .
The descriptive results of indicators generally revealed large variations between regions and between years (Table 1) . Only the variation in the proportion of land under permanent grassland was small. 
The Method of Synthetic Evaluation
We aggregated the seven agri-environmental indicators outlined above into one synthetic value through the transformations of original indicator values and weightings based on the evaluations of six experts. Let us define the indicator set X: X = (x 1 , x 2 , x 3 , x 4 , x 5 , x 6 , x 7 ), where X was the agri-environmental public goods provision level and x i were the influencing factors.
The indicator values for the factor nitrogen balance, x 1 , phosphorus balance, x 2 , cattle density, x 5 , and pig density, x 6 , were transformed by the fuzzy membership function as the following formula:
where x max was the maximum value for each factor in the 15 regions during 2000-2009 and x min was the corresponding minimum value. These four factors have negative impacts on agri-environmental public goods provision, thus we denoted the maximum for these factors as a fuzzy membership value of 0, which indicated that it made the least contribution to agri-environmental public goods. We also denoted the minimum as a fuzzy membership value of 1, which indicated that it made the most contribution to the provision of agri-environmental public goods. The fuzzy membership function values for the factor ratio of fallow area to utilized agricultural area (UAA), x 3 , the ratio of permanent grassland area to UAA, x 4 , and the ratio of organic farming area to UAA, x 7 , could be calculated as the following formula:
Conversely, these three factors have positive impacts on agri-environmental public goods provision. Therefore, we denoted the maximum as a fuzzy membership value of 1 and the minimum as fuzzy membership value of 0.
Combining each single transformed indicator x for each region into the evaluation matrix:
where r ij = μ x , i = 1, 2, …,7 factors and j = 1, 2,…,15 regions.
Additionally, the factor weight set was A = (a 1 , a 2 , a 3 , a 4 , a 5 , a 6 , a 7 ), where ∑ a i = 1. Using the weights and indicator values, we calculate the evaluation index as follows:
As a result, we obtained a vector of the regional synthetic index of public goods provision. The index was relative and indicated how close to the maximum value of 1 that a membership value of a particular region was. Thus, it was possible to rank regions using this synthetic index. We noted that the aggregation allowed for the substitution between the indicators. On the other hand, the weights indicated evaluators' preferences with respect to the recorded indicators.
Results
According to the fuzzy membership functions, (1) and (2), Equation (4), and the factor weight set A = (0.2, 0.2, 0.12, 0.12, 0.08, 0.08, 0.2), which was obtained via questionnaire surveys from the six experts in agri-environment or agriculture [42] , we presented the results of the synthetic evaluation indexes ( Table 2) . Over that 10-year period, partial membership values of the Uusimaa region remained greater than 0.5. On the other hand, the regions of Ostrobothnia and South Ostrobothnia had relatively low partial membership values from 0.161 to 0.458 ( Table 2 ). The greater the partial membership value, the better was the provision level. Further, the visually presented results of relative agri-environmental public goods provision levels for all 15 regions studied over the 10-year period are shown in Figure 3 .
The Uusimaa region remained at a relatively high provision level of agri-environmental public goods compared to the other 14 regions in Finland studied for the 2000-2009 period. These relatively high values mainly resulted from low nitrogen and phosphorus balances, a relatively high ratio of fallow areas and low farm animal cattle and pig densities for the Uusimaa region. On the other hand, the regions of Ostrobothnia and South Ostrobothnia had relatively low provision levels of agri-environmental public goods. The main reasons for these inter-regional differences were the relatively high nitrogen and phosphorus balances, high pig densities and low ratios of permanent grassland area in these two regions. The other regions maintained their fuzzy membership values at between 0.3 and 0.5. Figure 3 shows some differences between regions and years appearing to exist. In order to statistically test whether these differences between regions and between years were significant or not, we carried out a truncated regression with annual and regional dummies ( Table 3) .
The index of agri-environmental public good provision was a dependent variable that had a value range of between zero and one, whereas the categorical variables of region and year were independent dummy variables. The truncated regression results (Table 3) indicated that the indices were significantly different among 15 regions during the 10-year period. Further tests showed that regional dummy values were jointly significantly different from zero. The same was found for the joint significance of the annual dummy value.
We took the Lapland region as a benchmark ( Table 3 ) and found that the index for the regions of South-Savo, Central Finland and North Ostrobothnia were not statistically different from the reference region. However, with all other regions, the differences were statistically different from the reference region, which was in line with the values on the vertical axis of Figure 3 .
The year 2000 was taken as the base/reference year (Table 3) . We found that the indices for years 2001, 2003, 2004, 2006 and 2008 had no significant differences with that of the reference year, which corresponded to the values on the horizontal axis of Figure 3 Sensitivity analysis of factor weights:
The factor weights indicated the preferences of the decision-makers. The previous analysis was based on the weightings, which were defined as the mean of values given by a panel of experts. The experts' preferences were not necessarily equal or even similar. Therefore, we conducted sensitivity analysis with varying factor weightings for our seven indicators. The sensitivity analysis determined that the evaluation results were not sensitive to factor weightings for the following four set types of weighting combinations (Table 4 and Figure 4 Figure 4 Factor weight change a 1 − 10% , a 2 − 10%, a 3 + 10%, a 4 + 10%, a 5 + 22.5%, a 6 The results generally showed no significant changes in the ranking of the regions. Thus, the ranking was fairly robust with respect to changes (less than 10%-20% units) in the factor weights. However, when some factor weights differed considerably from the mean values, as in the last case, we could also observe changes in the regional rankings of the provision levels. This indicated that the preferences of experts were also important and should be fully taken into account in the evaluation.
Discussion and Conclusions
Our synthetic evaluation of agri-environmental goods provision at the regional level was based on indicators, which represented water quality, soil functional status, greenhouse gas emissions and biodiversity. Our evaluation indicated that the relative provisioning of public goods varies amongst the regions: intensive animal production was one of the main drivers for low provision levels. Intensive animal production typically led to high nutrient balances and a low level of extensive land use. It should be noted that we did not consider the trade-offs between the value of conventional agricultural products and agri-environmental goods provision. Therefore, the provision levels alone cannot be ranked according to their true eco-efficiency values. Moreover, social irreversible costs or benefits from the environmental degradation or its improvement should also be taken into consideration for cost-effective measures, but we did not include this in the model either [43, 44] .
When we compiled our aggregate measure of agri-environmental public goods provision, we used an additive function. In so doing, we assumed that the indicators were fully substitutable for each other. Thus, a decrease in one indicator can be perfectly compensated for by an increase in another indicator under this assumption. In other words, the assumption that the marginal rate of transformation remains constant is crucial to our model. This is a simplistic assumption, but it can be justified when the values of the indicators are close to the normal range, but not when the values are close to the extremes. Otherwise, the shape of the public goods provision is concave to the origin with the slope of the production possibility curve becoming steeper. If the changes in values are substantial, the linearity of the frontier that we assumed may be questioned. We also have to note that the weights that indicate the preferences of the decision-makers affect the rate of transformation.
The highest relative measures of provision we obtained were for Uusimaa, which is the most densely populated region in Finland. High provision levels of public goods are related to the structure of the production systems. When agricultural production is dominated by crops and the common practice of leaving some fields fallow, nutrient balances for crop production also had fewer surpluses than for livestock farming. Support for this can be seen when we compare the data of Uusimaa with those of Southwest Finland and South Ostrobothnia.
The agri-environmental scheme has remained relatively similar over time since Finland joined the EU in 1995. It has been claimed to be relatively ineffective, because it is relatively indiscriminate in its targeting. However, according to our synthetic indicator, the provision of agri-environmental goods has developed positively over the last decade. This positive development is partially linked to adverse price changes in inputs and outputs, which has led to the decreasing use of inputs, such as fertilizers [45] .
Our results obviously reflect the indicators chosen for the analysis. There is a need to mention that we have excluded such environmentally-friendly farming practices as reduced or zero tillage, green field cover in winter, field margins or filter strips, buffer zones, wetland constructions and appropriate manure management. The exclusion of these factors is because of incomplete data at present. We are aware that these farming practices markedly contribute to agri-environmental outcomes. In order to obtain more precise and complete measures of agri-environmental public goods provision in future studies, the area devoted to buffer zones could be calculated in terms of the length of watercourse margins and farmers' participation rates in the AESs. The area of constructed wetland and winter green cover in the field would be taken into account, as well.
The results of our synthetic evaluation showed that agri-environmental public goods provision levels for 15 regions of Finland during 2000-2009 did fluctuate. Regional differences were statistically significant in many cases. The Finnish agri-environmental support policy has remained roughly the same since it was originally implemented in 1995. Its main goal is to reduce nutrient runoffs from the fields in addition to maintaining agricultural landscapes and biodiversity. However, achievements in reducing nutrient runoff have been very modest according to empirical studies [46] . Ollikainen et al. [47] reported that policy-related transaction costs in the Finnish AESs, especially those incurred by monitoring the basic measures, turned out to be low. This finding implied that an inadequate monitoring effort could not meet the need of the enforcement of the agri-environmental measures. Vehkasalo et al. [48] proposed that agri-environmental payments should be differentiated on the basis of the potential environmental benefits provided by different field parcels of land. For example, parcels of land close to watercourses that qualify for fertilization restrictions should also receive higher payments. Support for such a claim can also be found in the study by Beckmann et al. [49] , who reported a strong demand from experts and stakeholders for the regionalization of the AESs in Finland and other European countries.
The MYTVAS3 report (2007) (2008) (2009) (2010) (2011) (2012) (2013) showed that a relatively high nitrogen balance occurred in the Archipelago Sea and the Bothnian Bay catchments and that a relatively high phosphorous level was found in the Bothnian Bay and Gulf of Bothnia catchments. The flux of phosphorous via the river catchments to the Baltic Sea decreased in all areas except in the sea around the Archipelago over the study period. In contrast, the Gulf of Finland was found to have both low nitrogen and phosphorus levels. Areas of fallow and permanent grass were closely associated with a decrease in nutrient load. However, clustered livestock production units in some regions formed specific nutrient runoff hotspots due to the increased levels of manure produced per hectare from these sites. Our results showed significant differences in public good provision between some regions, but not between all. For this reason, there is likely to be a need to adjust future measures and support levels associated with the agri-environmental program to the needs of each region. These adjustments must be made at the level of different types of farming systems and even for individual farms.
The synthetic evaluation index in our study offers an alternative analytical approach to evaluate the provision of public goods from agriculture. Although it is a relative measure, this index enables the description of the aggregated effects of several externalities generated by agricultural activities in a concise way. It can probably be regarded as one complementary tool for agricultural policy makers to use when they evaluate the provision of agri-environmental public goods and externalities and also when they evaluate the effects of policy changes.
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